The time-dependence of earthquake occurrence is mostly ignored in standard seismic hazard assessment even though earthquake clustering is well known. In this work, we attempt to quantify the impact of more realistic dynamics on the seismic hazard estimations. We include the time and space dependences between earthquakes into the hazard analysis via Monte Carlo simulations. Our target region is the Lower Rhine Embayment, a low seismicity area in Germany. Including aftershock sequences by using the epidemic type aftershock-sequence (ETAS) model, we find that on average the hypothesis of uncorrelated random earthquake activity underestimates the hazard by 5-10 per cent. Furthermore, we show that aftershock activity of past large earthquakes can locally increase the hazard even centuries later. We also analyse the impact of the so-called long-term behaviour, assuming a quasi-periodic occurrence of main events on a major fault in that region. We found that a significant impact on hazard is only expected for the special case of a very regular recurrence of the main shocks.
I N T RO D U C T I O N
Seismic risk assessment of urbanized areas is a major challenge to societies exposed to earthquakes. In a general framework, the seismic risk is usually defined as the product of three factors: the 'hazard', the 'vulnerability' and the 'element at risk'. The 'hazard' is the probability of any particular area to be shaken by an earthquake during the exposure time; the 'element at risk' consists of the social and economical quantification of the objects exposed to risk. It can be expressed in terms of density of inhabitants, as capital value (land, buildings, etc.) , or as productive capability (factories, power plants, highways, etc.). The 'vulnerability' quantifies the predisposition of an object to undergo any damage.
For the seismic hazard assessment, the quantification of the hazard can be related to a variety of parameters indicating the intensity of shaking. Therefore, the expected outcome of a hazard assessment is the evaluation of the probability of exceeding a selected set of ground motion intensity values during an assumed exposure time (SSHAC 1997) .
Often the first step of a hazard analysis is the statistical modelling of the past earthquakes that have occurred in the region under study. This requires the evaluation of the seismicity rates, the identification of the seismo-tectonic sources, the quantification of ground motion relations and the study of earthquake spatio-temporal distribution (Reiter 1990) . In this paper, we will focus on the latter as a crucial aspect.
In the most common approach to hazard assessment, the temporal occurrence of earthquake is assumed to be Poissonian (Cornell 1968; McGuire 1976) , hence imposing a random temporal behaviour of the seismicity. Recent studies on the other hand (e.g. Kagan & Jackson 2000; Kagan et al. 2003; Cinti et al. 2004) show clear deviations from a Poissonian behaviour in seismic catalogues. While the presence of cluster activity after a main shock is worldwide accepted (Ogata 1988) , the so-called 'long-term' behaviour is still a question of debate, and there are different methodologies to approach it (an overview of the problem can be found on Working Group On California Earthquake Probabilities 2003).
Moreover, in low seismicity areas the scarce information on active faults and the poverty of the data available make in general the analysis and the discrimination between competitive models more complicated.
In a recent paper , the impact of nonPoissonian occurrence on hazard has been studied for the seismic region of southwest France. While Beauval et al. (2006) studied the inclusion of aftershock sequence into seismic hazard, in this paper we further generalize this approach to include also the long-term behaviour of cyclic occurrence of main events and we provide a study of the role of real past historical events in nowadays hazard. The new target region is the Lower Rhine Embayment (LRE) (Fig. 1) , one of the regions of highest seismic risk in Germany (Hinzen & Oemisch 2001; Tyagunov et al. 2006) . The short-term clustering is modelled through the epidemic type aftershocks-sequence model (ETAS, Ogata 1988 ) which has become a popular technique to model earthquake interaction in a statistical sense. Via a Monte Carlo technique, the ETAS model is applied on timescales often used in seismic hazard studies with 50 yr of exposure time (Swiss Earthquake Hazard, Giardini et al. 2004; The Seismic Hazard Map for Italy, MPS Working Group 2004) . The 50 yr exposure time is used in earthquake engineering because it is supposed to represent the mean lifetime of conventional buildings. Using the same model, we also estimate the potential contribution of aftershocks from the Düren earthquake of 1756 February and the Roermond earthquake of 1992 April for the hazard in the following 50 yr. For the longterm behaviour, we perform a synthetic test on the impact of possibly cyclic activity on a single major fault. In this case, we quantify the impact for varying degrees of knowledge about the past fault activity.
T H E M E T H O D O L O G Y
Following Beauval et al. (2006) , the evaluation of the probability of non-exceedance of a particular ground motion value during the exposure time is evaluated using a Monte Carlo technique. The use of synthetic catalogues analysis is one way to calculate the probabilistic seismic hazard (Rosenblueth 1964; Musson 1999; Smith 2003; Giardini et al. 2004 ).
In the conventional approach, the hazard at a site is evaluated by considering the ground motion from all possible damaging earthquakes that can occur in a region. If a Poissonian model is assumed, it is easy to express the exceedance probability in term of the return periods (Cornell 1968; Ang & Tang 1975) . In fact, in a timeindependent study, the annual rate is sufficient to express earthquake occurrence. In this case, the seismic hazard can be computed in terms of annual rates of exceedance of selected acceleration levels (A ) at the site of interest, using the relation (Ang & Tang 1975) 
, where λ is the annual rate of the target event and t is the time of interest. Using a Taylor series expansion for λt small, and truncated at the first term, the exceedance probability becomes approximated equal to the annual rate λ times t. Considering a time-dependent earthquake occurrence, the seismic hazard cannot be expressed in term of annual rate of earthquake occurrence any longer. In Beauval et al. (2006) , the Monte Carlo techniques are applied in the study of the temporal behaviour of earthquakes, in particular to estimate the impact of the Poisson hypothesis on seismic hazard, versus a time-dependent behaviour of seismicity, either in the short-or long-term. This approach is further utilized in the present study.
For the evaluation of the hazard, a sufficient large number of synthetic catalogues (N) of time duration t is generated. The time duration t is set to 50 yr, a commonly used value for the exposure time (e.g. The Seismic Hazard Map for Italy, MPS Working group 2004). Each catalogue can be considered as a representation of seismicity in the time period of interest. For each catalogue, a set of ground motions is evaluated. The probability of non-exceedance of a level A of ground motion at a specific site in the time t is computed by counting the intervals in which A did not occur
where N is the number of catalogues of time duration t; H is the Heaviside function and A max,i is the maximum ground motion value occurred at a site of interest during the ith catalogue of time duration t. The complement of P(A ; t) is the probability that A is exceeded at least once in the time period t. An alternative way to estimate the probability of non-exceedance is to consider directly the empirical density function of the maximum acceleration values A max,i . Each probability of non-exceedance is identical to the corresponding percentile of this distribution (further details in Beauval et al. 2006) .
S H O RT -T E R M C L U S T E R I N G
We focus on the LRE in Germany using the so-called Leydecker catalogue (2005), maintained by the BGR, Federal Institute for Geosciences and Natural Resources.We have chosen this catalogue because it is the most updated and with the lowest threshold magnitude for our target areas. We found that the catalogue is complete for this study area after 1974 for M L ≥ 2.0 by using the cumulative number of events as a function of time and the Gutenberg-Richter relation; our results are in agreement also with the finding of Schmedes et al. (2005) . In Fig. 1 , the distribution of the instrumental seismicity, the box defined for the analysis and the locations of the two target sites (Aachen & Cologne) are shown; 191 events have been analysed. We are conscious that this time interval is dominated by the 1992 Roermond earthquake, but this time window is the best data available we have at the moment for this regions. In the first step in our analysis, we study the statistical patterns that represent the recorded seismicity, applying three different techniques.
Coefficient of variation
The coefficient of variation (CV) is a non-parametric test of the measure of the dispersion. The random variables considered are the interevent times, which are the time intervals between two subsequent events. The CV is expressed as the ratio of the standard deviation to the mean. If the CV is less then 1, the distribution corresponds to a quasi periodic behaviour in the temporal domain; if the CV is equal to 1 the distribution is random in the temporal domain, since the standard deviation and the mean have the same value; and, finally, if the CV is larger than 1 the distribution has a cluster behaviour (Cox & Lewis 1966) . Our results suggest that the events occur in clusters, since the CV is equal to 1.5.
Study of the hazard-rate function
The second technique we apply is a non-parametric estimation of the so-called hazard-rate function which represents the instantaneous conditional probability of occurrence of an event at time t upon survival (non-occurrence of an event) until time t. The hazard-rate function unambiguously describes the statistical distribution of the earthquake point process (e.g. Kalbfleisch 1985; Faenza 2005) . In some aspects it is preferable to other statistical functions, such as the cumulative or the density function, since a simple analysis of its trend versus time can provide useful insights on the physics of the process.
The Tanner & Wong (1984) technique, which we apply in our study, approaches the problem of estimating the hazard-rate function directly by smoothing the empirical rate. The random variables considered are the interevent time and the censoring time. The consideration of the censoring time, which represents the time elapsed between the most recent event and the end of the catalogue, becomes very important in time-dependent analysis. The Kernel estimator of the hazard-rate function λ(t) is
where y i is the ith ordered random variable of the system, δ i is an indicator associated to y i , that is δ i = 1 in case of interevent data, δ i = 0 in case of censoring; K is the kernel function depending on a positive smoothing vector ; and n is the total number of data points. The smoothing vector is evaluated using a modifiedlikelihood criterion. The details of the algorithm can be found in Tanner & Wong (1984) . Numerical checks have been done to verify the consistency of the results and to evaluate the performance of the non-parametric estimators in comparison to the one of the parametric estimators at different setting.
In Fig. 2 , the shape of the hazard-rate function versus time for our data set (events with M L ≥ 2.0 since 1974) is shown. The decreasing trend of the function stands for a clustered behaviour of the seismicity (Kalbfleisch 1985; Faenza 2005 ) for a time duration of a few years. These results of a non-parametric analysis of the data motivated the application of the ETAS model in the following.
Epidemic type aftershock-sequence
The inclusion of the aftershock activity into the analysis is done through the ETAS model. The ETAS model is a stochastic marked point process for the representation of the occurrence of earthquakes of size larger than or equal to a threshold magnitude, in a region and in a period of time (Ogata 1988) . The advantage of this triggering model is that its application on real data does not require the discrimination of events; it works by considering the seismicity as the superposition of seismicity induced by previous events on the background. The background events represent the tectonic loading and are modelled as a Poisson process with a constant rate μ while the cascade of aftershocks is described by the empirical Omori-Utsu law (Utsu et al. 1995) , in which the number of events is proportional to (t + c) − p , with t being the time from the occurrence of the main shock. The magnitude is randomly selected from a Gutenberg-Richter relation, for both the tectonic and triggered events; the productivity of the sequence is proportional to K10 αM , with M being the magnitude and α and K two constants. We do not describe the characteristics of this parametric model in detail: its complete description can be found in Ogata (1988 Ogata ( , 1998 . For the joint inversion of the five parameters for our catalogue (M L ≥ 2.0 since 1974), the maximum-likelihood method (Ogata et al. 1993 ) is used; we obtain: μ = 1.35 yr −1 , K = 0.0083, α = 0.70, p = 0.98 and c = 0.5310 −5 yr. The parameter b of the Gutenberg-Richter relation is taken from Schmedes et al. (2005) and it is equal to 0.96 ± 0.03.
Application of the Akaike's Information Criterion (AIC Akaike 1974) to compare the goodness-of-fit between the Poisson model and the ETAS one for this catalogue yields that the ETAS model gives a significantly better description of the instrumental seismicity (AIC ETAS −AIC Poisson = −574). Hazard-rate function as a function of time using the algorithm of Tanner & Wong (1984) . The decreasing trend stands for a cluster behaviour of the seismicity in the temporal domain, for a time duration of a few years (Kalbfleisch 1985; Cinti et al. 2004; Faenza 2005) .
Generation of the synthetic catalogues
Following the previous analysis, we conclude that the ETAS model is a good way to represent the seismicity. We will refer to the catalogues generated by using the ETAS model as the ETAS-catalogues.
For the generation of these catalogues, an 'inverse' method is used according to Felzer et al. (2002) . In each realization, events are simulated sequentially: first the time, then the magnitude and the epicentral coordinates. The maximum magnitude is set to M w 7.0 following Schmedes et al. (2005) , in which is given the probability density function of the maximum events in the LRE. The conversion from M w and M L is taken from Grünthal & Wahlström (2003) . The inclusion of earthquakes with long periods is, therefore, controlled by a Gutenberg-Richter relation calibrated on the seismicity of this area. For the spatial distribution of the tectonic events, a Gaussian filter with correlation distance equal to 20 km is applied (Frankel 1995) . For the selection of the independent events, we used the declustering procedure proposed by Zhuang et al. (2002) and we find that 40 per cent of the events are identified as independent. Remarkably, by using the technique of Hainzl et al. (2006) to estimate the aftershock fraction, we get the same result. The filter is applied in a grid with cells of 10 × 10 km. For the location of the clustered events we follow an isotropic power-law distribution ρ(r ) = cr −n with n = 1.36, in agreement with Helmstetter et al. (2003) and Felzer & Brodsky (2006) . The depth of the events is set to 10 km for simplicity. The threshold magnitude for the cascade process is set equal to 2.0.
C O N S I D E R AT I O N O F M A I N S H O C K C YC L E S
One of the goals of this paper is to study the impact of a possible quasi-periodic recurrence of characteristic events on major faults. For this purpose, we perform a synthetic test for a generic fault which is in its position, length and strike in agreement with observed surface signatures (Hinzen 2004 ), see Fig. 1 . The magnitude of the characteristic earthquake on that fault is assumed to be M w 7.0 (see Schmedes et al. 2005 ) with a recurrence time distribution according to the Brownian Passage Time (BPT) distribution (Matthews et al. 2002) . Palaeoseismologic studies indicate that similar large events occurred in the past (Camelbeech & Meghraoui 1998; Camelbeech et al. 2000) . We choose the BPT distribution since it is the statistical representation of Reid's elastic rebound theory, but we are aware that our choice is subjective. In this model, the occurrence of major earthquakes is controlled by a steady tectonic loading perturbed by a Brownian motion representing stochastic stress fluctuations, for example, due to earthquake interactions. Events happen in this model when the critical failure threshold is reached. From a statistical point of view, the distribution has two parameters: the mean and the aperiodicity. In this study, the mean recurrence time is deduced from the Gutenberg-Richter relation obtained in the work of Schmedes et al. (2005) ; it is 9500 ± 3900 yr for the assumed magnitude M w 7.0 event. The aperiodicity is the shape parameter of the distribution because its value changes the width of the distribution. Smaller values of the aperiodicity represent more regular temporal behaviour of the sequence, with a nearly symmetric density function where the central value is close to the mean; while larger values produce more random sequences, with a density function skewed to the right and sharply peaked at a value left of the mean (Matthews et al. 2002) . One of the problems of a low seismicity area, as formerly mentioned, is the scarce knowledge of the activity on individual faults, therefore, it is not possible to estimate the aperiodicity for such regions, and we decide to work with three distinct values: 0.3, 0.5 and 0.7; in order to range different possibilities in cycling earthquake occurrence and to agree with the Working Group On California Earthquake Probabilities (2003) .
We called these catalogues BPT+ETAS-catalogues; for their generation, we follow the same procedure as before for the ETAScatalogues. However, now the characteristic on-fault earthquakes are added to the Poissonian background activity before aftershock sequences are calculated.
A P P L I C AT I O N A N D R E S U LT S
As target locations we choose the cities of Cologne and Aachen, two highly urbanized areas in Germany. For the calculation of the hazard, a sufficient large number of catalogues (20 000) of 50 yr duration was generated. For each M s ≥ 4.0 earthquake, the peak ground acceleration value at the site of interest was calculated by using the Berge-Thierry et al. (2003) ground motion relation. M s = 4.0 is the threshold magnitude for this ground motion relation. The conversion from M L to M s follows Ambraseys (1990) . The log (PGA)-value was chosen randomly from a Gaussian density function with a standard deviation of 0.2923 and truncation at three standard deviations.
In Fig. 3 , the density function of maximum acceleration in 50 yr for the two sites is shown for the ETAS catalogues. The probability of non-exceedance can be deduced directly from this figure and it corresponds to the percentile of the distribution . For instance, 90 per cent of probability of non-exceedance corresponds to 0.09 g at Cologne and 0.12 g at Aachen which is in general agreement with previous estimations .
Impact of the short-term clustering
Under the Poissonian hypothesis, only independent events are considered for analysis. In our study, we have used two different approaches for declustering: in the first case, following the ETAS model philosophy, the main shock is defined as the first event in the cluster, independently of its magnitude value (case 1); in the second case, the main shock is chosen as the largest event in the cluster and we will refer to this latter case as the 'perfect declustering' (case 2). The declustered catalogues are called Poissonian-catalogues.
Once the ETAS-catalogues and their corresponding Poissoniancatalogues have been generated, the impact of the time-independent hypothesis can be evaluated for the two sites (Fig. 4) . Its quantification is done by computing for every percentile the difference between the PGA-values calculated for the Poissonian-catalogue and the ETAS-catalogue, normalized over the value for the ETAScatalogue.
As shown in Fig. 4 , the results are similar for the two locations. We refer to case 1 and case 2 as the lower and upper bound of the impact of the Poissonian hypothesis. Here we remark that the difference between case 1 and case 2 is in the declustering algorithm. Case 2 yields a systematic but not very high impact equal to 8 at 90 per cent probability of non-exceedance in 50 yr. This implies that perfect declustering yields a systematic underestimation of the hazard of 8 per cent which is in agreement with the result Beauval et al. (2006) for the seismicity in southwest France.
Impact of historic events
In a previous study, Ebel et al. (2000) showed that aftershock sequences of historic main events can locally dominate the present seismicity. To quantify the impact of ongoing aftershock activity of larger historic events, we selected two prominent earthquakes: the Düren earthquake of February, 1756 with M L = 6.4 and the Roermond earthquake of 1992 April with M L = 5.9 (Leydecker 2005 ), see Fig. 1 . The quantification of their aftershock hazard was done by using Monte Carlo simulations. For this purpose, we generated random ETAS-type aftershock sequences triggered by a main shock with the same characteristics as the observed historic earthquakes in magnitude and location. We assume that the ETAS parameters for these sequences are the same we derived for the seismic Figure 4. The impact of the Poisson hypothesis at the two locations. In case 1, the main shock is defined as the first event in the sequence; in case 2, the main shock is defined as the largest event in the cluster. catalogue. The hazard was then calculated on basis of 20 000 catalogues of 50 yr. Each catalogue begins at an elapsed time matching the occurrence of the event, namely 250 yr in the first and 15 yr in the second case. The contribution of the specific aftershock sequence was calculated as the ratio of the hazard estimated from the aftershock sequence alone to the one estimated from the ETAScatalogue.
The results are shown in Fig. 5 . To consider the uncertainty linked to the magnitude for the Düren event, we consider as lower and upper estimates the values M L = 5.9 and M L = 6.9. In Fig. 5 the results are reported as dash and doted lines, respectively. Remarkably, the contribution to the hazard driven by the 1756 event is still large for high probabilities of non-exceedance, where it reaches the maximum value of 20 per cent for the location of Aachen, while for Cologne the contribution if significantly less. The difference for the two sites results from the location of the event, which is close to the city of Aachen; the location errors in Leydecker (2005) ranges between ±5 km for this events, see Fig. 1 . Furthermore, it is found that the aftershocks of the Roermond earthquake, occurred in 1992, will contribute more than 10 per cent to the hazard at 90 per cent probability of non-exceedance in the next 50 yr.
Impact of the quasi-periodic on-fault main shocks
In a time-dependent perspective, as for example, a quasi-periodic recurrence of a characteristic event on a fault, the time elapsed since the most recent event plays a crucial role for the hazard function. For the BPT distribution, three different periods can be identified. The probability of the occurrence of the next characteristic event is almost zero immediately after the last event, representing, from a physical point of view, the unloading of the fault after the shock and its inability to generate another one. With increasing elapsing time, the conditional probability raises till it reaches its maximum approximately at the mean recurrence time. This is illustrated in Fig. 6 for the three values of aperiodicity. In this study, to quantify the impact on hazard of the cycling of main events at different elapsed times, the impact was computed for four distinct cases. In particular, we take into consideration: (i) the elapsed time equals to the mean of the distribution (i.e. 9500 yr); (ii) the elapsed time is 10 per cent of the mean recurrence time (i.e. 950 yr); (iii) without knowledge of the elapsed time and (iv) for sensitivity purpose only, the elapsed time is equal to 10 yr. In Fig. 6 , the shape on the hazard-rate function for the three values of aperiodicity is plotted. Once again, the impact is computed as the normalized difference between PGA-value of the BPT+ETAS-catalogues and the ones of the ETAS-catalogue. The estimation are done for 50 yr of exposure time. Here we note that the ETAS-catalogues are composed by background tectonic events plus triggered seismicity (aftershocks). The results for Cologne and Aachen are similar, hence only the one for Cologne are shown. Fig. 7 displays the impact of each of the four-cases described in the previous paragraph. In case i), the impact on hazard is different for the three values of the aperiodicity; in particular, only the function with a very regular behaviour (aperiodicity equal to 0.3, see above and Fig. 6 ) gives a high impact, while the impact is negligible for the other two cases. The impact is driven by the increase of the probability of occurrence for the next BPT event in the next 50 yr (Fig. 6) . In case that the elapsed time is 950 yr (case ii) or in the case that we have no knowledge of the elapsed time (case iii), the impact is almost null. The results for case iv) indicates that the impact at 90 per cent probability of nonexceedance is 10 per cent regardless of the aperiodicity. This kind of behaviour can be attributed to the aftershock activity of a large event, since from Fig. 6 it can be seen that the probability for a characteristic event is almost negligible for an elapsed time of 10-60 yr. Thus even in the time span 10-60 yr after a strong earthquake, the seismic hazard is significantly enlarged due to the ongoing aftershock sequence of the past main shock.
Numerical checks have been done with aperiodicity equal to 0.1, 0.4 and for the elapsed time equal to the mode of the distribution, showing the consistency of our results. In fact, the inclusion of the temporal cycling of main events is significant for hazard study only for very regular behaviour of the occurrence (e.g. small aperiodicity) at an elapsed time equal to the main recurrence time of the distribution.
Implications for present hazard estimates
As a final application, we calculate the impact of the hypothesis of quasi-periodic recurrence of a M w 7 event on the given fault for the present hazard estimation for Cologne and Aachen. On the basis of the historic records available so far for this area, we have to assume that the elapsed time for an event of M w ≥ 7.0 is at least 1200 yr. The impact is evaluated considering BPT-ETAS catalogues with the elapsed time larger than 1200 yr, and leaving the aperiodicity as a free parameter. The result, shown in Fig. 8 , indicates that the impact of such an assumption is almost negligible. We point out that this is a first and simple model to represents the LRE seismicity. We think that future works need to be address in this direction in order to better represents this tectonic structure.
S U M M A RY A N D C O N C L U S I O N S
Our study aims at quantifying the impact of the time-variability of seismicity on seismic hazard in low seismicity regions. Our specific target region is an area in Germany, the LRE.
At first we focus on the short-term behaviour by including aftershock activity into the hazard study via the ETAS model. To test the applicability of this model, we have performed three statistical tests: the analysis of the CV, the non-parametric study of the hazard-rate function and the comparison of the AIC for the ETAS model and the Poisson one, Sections 3.1, 3.2 and 3.3. Our analysis shows that neglecting aftershocks leads to an underestimation of the hazard of 8 per cent at 90 per cent probability of non-exceedance in 50 yr. Here we point out that, although the impact is not very high and taking into account that each other ingredient within the chain of the hazard computation has further uncertainties, this result is important since the time-dependent behaviour leads to a systematic underestimation of the estimated values. Moreover, the ongoing aftershock sequence of the Roermond event occurred in 1992 still contributes 10-15 per cent to the hazard at the level of 90 per cent of probability of nonexceedance. Even the Düren earthquake which occurred 250 yr ago still contributes about 20 per cent to the present hazard for the city of Aachen at the level of 95 per cent probability of non-exceedance.
The second test was done with the purpose to examine the effect of the repeating occurrence of main shocks. We study the behaviour of a generic fault that follows the BPT distribution. Especially, the influence of the aperiodicity and the elapsed time on the hazard estimation has been evaluated. Knowing the fault and the statistic of the earthquake time recurrence times (i.e. the elapsed time and the BPT distribution) the impact on hazard ranges from 5 to 10 per cent for the 90 per cent probability of non-exceedance in 50 yr. For the two special cases of an ongoing aftershock sequence on the one hand and an elapsed time equal to the mean recurrence time on the other hand, the increase of the hazard value is more than 10 per cent at the level of 90 per cent probability of non-exceedance. However, after the complete decay of the aftershock activity and for aperiodicity values larger then 0.3, the impact on hazard is negligible for any elapsed time.
It is important to note that, given our limited knowledge of the seismicity of this area, the assumption of a quasi-periodic main shock occurrence on a fault does not change the present hazard significantly. Thus on the basis of this study, we can deduce that the implementation of a 'long-term' dependence of the seismicity via the BPT distribution does not substantially affect the hazard estimation for the LRE region.
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